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57 ABSTRACT

A control apparatus includes a control unit configured to
perform control in such a manner that in a case where data
is to be written into a physical area, which is the unit in
which an erasing operation is performed, subjected to pro-
cessing in a first non-volatile memory in response to a write
request and in a case where the end of the data does not
match a boundary between physical regions, which are the
smallest units in which a writing operation is performed, in
the first non-volatile memory, first data having a size smaller
than the smallest units is stored in a predetermined tempo-
rary storage area, and thereafter in a case where second data
specified by the same logical address as the first data is
requested to be written, the first data and the second data are
combined and written into the physical area subjected to
processing.

9 Claims, 9 Drawing Sheets
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CONTROL APPARATUS, STORAGE DEVICE,
AND STORAGE CONTROL METHOD

CROSS REFERENCES TO RELATED
APPLICATIONS

The present application claims priority to Japanese Pri-
ority Patent Application JP 2012-113031 filed in the Japan
Patent Office on May 17, 2012, the entire content of which
is hereby incorporated by reference.

BACKGROUND

The present disclosure relates to a control apparatus, a
storage device and a storage control method for a non-
volatile memory, and more particularly to processing per-
formed in the case where the end of data, which is requested
to be written, does not match a boundary between physical
regions, which are the smallest units in which a writing
operation is performed, of the non-volatile memory.

Storage devices using a non-volatile memory such as a
NAND type flash memory are becoming widely used. A
non-volatile memory is used in memory cards, solid-state
drives (SSDs), embedded MultiMediaCards (eMMCs), and
the like used in, for example, various types of electronic
equipment and information processing apparatuses.

A storage device using a flash memory is disclosed in
Japanese Unexamined Patent Application Publication Nos.
2009-70098, 2007-334852, 2007-193838, and 2007-58840.

Physical addresses are used as addresses in a physical
storage area in a non-volatile memory. Physical blocks,
physical pages, and physical sectors are set by using the
physical addresses. A plurality of physical sectors constitute
a physical page, and a plurality of physical pages constitute
a physical block.

An erasing operation (Erase) is performed per physical
block, and a writing operation (Program) and a reading
operation (Read) may be performed per physical page.

A host apparatus uses logical addresses to specify
addresses. Logical blocks and logical pages having the
logical addresses are related to the physical addresses
described above. As a result, in the case where accessing of
an actual flash memory is requested, a logical address is
converted into a physical address and the actual flash
memory is accessed by using the physical address.

Here, data requested to be written into the storage device,
by the host apparatus, does not have an end that matches a
boundary between physical pages (which are the smallest
units in which a writing operation is performed) of the
non-volatile memory on every occasion.

In the case where the end of the data requested to be
written does not match the boundary between the physical
pages, the last portion of the data is data having a size
smaller than that of a physical page (such data being
hereinafter referred to as under-page-size data). Since the
smallest units in which a writing operation is performed are
physical pages as described above, in the case where data
specified by the logical address subsequent to that of the
under-page-size data (that is, data subsequent to the under-
page-size data) is later requested to be written, how the top
portion of the data requested to be written (the size of the top
portion is also smaller than that of a physical page) should
be written is an issue.

In an existing method, it is designed that, regardless of
whether or not the end of the data requested to be written
matches the boundary between the physical pages, the
entirety of the data requested to be written is written into a
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physical block subjected to processing. After that, in the case
where the end of the written data does not match the
boundary between the physical pages and the data subse-
quent to the written data is requested to be written, since
there is a rule that the smallest units in which a writing
operation is performed are physical pages, the under-page-
size data that has already been written is combined with the
under-page-size data requested to be written, which is the
top portion of the data requested to be written. Then, the
combined data having a size of a physical page is newly
written into another physical page.

SUMMARY

In the above-described existing method, in the case where
the end of the data requested to be written does not match the
boundary between the physical pages, the end portion of the
data, the under-page-size data, is written into the physical
block subjected to processing. After that, in the case where
the data that is with the pair to the under-page-size data (that
is, the data specified by the same logical address as the
under-page-size data) is requested to be written, data
obtained by combining the data with the under-page-size
data is written into another physical page, the combined data
having a size of a physical page.

However, in such an existing method, garbage collection
occurs a large number of times because, as described above,
the data obtained by combining pieces of under-page-size
data is newly written into another physical page, the com-
bined data having a size of a physical page.

Because garbage collection occurs a large number of
times, there are issues in that the processing speed decreases
and the lifetime of a device performing garbage collection
shortens.

The present technology is made in light of the circum-
stances described above. In the case where data having an
end that does not match a boundary between physical
regions, which are the smallest units in which a writing
operation is performed, is written, it is desirable to reduce
the number of times garbage collection occurs and to
prevent a decrease in the processing speed and in the lifetime
of a device performing garbage collection.

According to an embodiment of the present technology,
there is provided a control apparatus having the following
structure in the present technology.

That is, the control apparatus in the present technology
includes a control unit configured to perform control in such
a manner that in a case where data is to be written into a
physical area, which is the unit in which an erasing operation
is performed, subjected to processing in a first non-volatile
memory in response to a write request and in a case where
the end of the data, which is requested to be written, does not
match a boundary between physical regions, which are the
smallest units in which a writing operation is performed, in
the first non-volatile memory, data having a size smaller than
the smallest units is stored in a predetermined temporary
storage area, and thereafter in a case where data specified by
the same logical address as the data having a size smaller
than the smallest units is requested to be written, data
obtained by combining the data specified by the same logical
address with the data having a size smaller than the smallest
units and stored in the predetermined temporary storage area
is written into the physical area subjected to processing.

Moreover, according to an embodiment of the present
technology, there is provided a storage device having the
following structure in the present technology.
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That is, the storage device in the present technology
includes a first non-volatile memory.

Moreover, the storage device in the present technology
includes a control unit configured to perform control in such
a manner that in a case where data is to be written into a
physical area, which is the unit in which an erasing operation
is performed, subjected to processing in a first non-volatile
memory in response to a write request and in a case where
the end of the data, which is requested to be written, does not
match a boundary between physical regions, which are the
smallest units in which a writing operation is performed, in
the first non-volatile memory, data having a size smaller than
the smallest units is stored in a predetermined temporary
storage area, and thereafter in a case where data specified by
the same logical address as the data having a size smaller
than the smallest units is requested to be written, data
obtained by combining the data specified by the same logical
address with the data having a size smaller than the smallest
units and stored in the predetermined temporary storage area
is written into the physical area subjected to processing.

As described above, in the present technology unlike in
existing methods, in the case where the data having an end
that does not match the boundary between the physical
regions is requested to be written and includes the data
having a size smaller than the smallest units, the data having
a size smaller than the smallest units is written not into the
physical area subjected to processing but into the predeter-
mined temporary storage area. Thereafter, in the case where
the data specified by the same logical address as the data
having a size smaller than the smallest units is requested to
be written, the data obtained by combining the data specified
by the same logical address with the data having a size
smaller than the smallest units and stored in the predeter-
mined temporary storage area is written into the physical
area subjected to processing.

In such a present technology, unlike in existing methods,
the number of times garbage collection occurs may be
reduced, which is performed in existing methods due to
writing of the data having a size smaller than the smallest
units into the physical area subjected to processing. The
number of times garbage collection occurs may be reduced,
and a decrease in the processing speed and in the lifetime of
a device performing garbage collection may be consequently
reduced.

In the present technology, in the case where data having
an end that does not match a boundary between physical
regions of the non-volatile memory is written, the number of
times garbage collection occurs may be reduced and a
decrease in the processing speed and in the lifetime of a
device performing garbage collection may be reduced.

Additional features and advantages are described herein,
and will be apparent from the following Detailed Descrip-
tion and the figures.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 is a block diagram illustrating the internal structure
of a storage device according to an embodiment;

FIG. 2 is a diagram schematically illustrating a relation-
ship between a physical block and physical pages according
to an embodiment;

FIG. 3 is a diagram for describing an existing method in
which the existence of physical pages having the same
logical address is not allowed in the same physical block;

FIG. 4 is a diagram for describing an existing method in
which the existence of physical pages having the same
logical address is allowed in the same physical block;
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FIG. 5 is a diagram for describing a write method as a first
embodiment;

FIG. 6 is a diagram illustrating an example of the structure
of under-page-size data management information;

FIG. 7 is a flowchart illustrating the procedure of gener-
ating the under-page-size data management information;

FIG. 8 is a flowchart illustrating processing performed
when data is written in the first embodiment; and

FIG. 9 is a diagram for describing a write method as a
second embodiment.

DETAILED DESCRIPTION

In the following, embodiments in the present technology
will be described.

First Embodiment

FIG. 1 is a block diagram illustrating the internal structure
of a memory card 1 as an example of a memory device
according to an embodiment of the present disclosure.

The memory card 1 is connected to a host apparatus 2 and
used as a memory device. The host apparatus 2 may be one
of various types of electronic equipment and information
processing apparatuses, examples of which include infor-
mation terminals such as a personal computer, a digital still
camera, a video camera, an audio player, a video player, a
gaming device, a portable phone, a personal digital assistant
(PDA), and the like.

The memory card 1 includes a control unit 11, an internal
random access memory (RAM) 12, a device interface 13, a
buffer RAM 14, a flash memory 15, and a non-volatile (NV)
memory 16.

The control unit 11 includes a central processing unit
(CPU), and performs all control operations in the memory
card 1. Thus, the control unit 11 sequentially executes
instruction codes stored in the internal RAM 12. The control
unit 11 mainly executes writing and reading of data in
response to a command sent from the host apparatus 2. Thus,
the control unit 11 controls the operation of the device
interface 13 for sending and receiving data to and from the
host apparatus 2, the operation of the buffer RAM 14 for
writing and reading data, and the operation of accessing the
flash memory 15.

The internal RAM 12 includes, for example, a static
random access memory (SRAM). The internal RAM 12 is
used to store programs (firmware) to be executed by the
control unit 11 and is used as a work region.

The device interface 13 performs communication to and
from the host apparatus 2.

The buffer RAM 14 is used to buffer transmission data
(data to be written and data being read) to and from the host
apparatus 2.

The flash memory 15 is a non-volatile memory. In this
example, a NAND type flash memory is used.

The NV memory 16 is a non-volatile memory in which
data to be used by the control unit 11 in various types of
processing is stored.

As a basic operation of the memory card 1, in the case
where data is to be written, a write address (logical address),
data to be written, the size of the data are sent from the host
apparatus 2 in addition to a write request.

The data sent from the host apparatus 2 is received by the
device interface 13 and buffered by the buffer RAM 14. The
data is written into the flash memory 15 under control
performed by the control unit 11. The control unit 11
controls these operations in accordance with the write
request, the write address, and the size of the data.
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In the case where data is to be read, a read address (logical
address) and the size of data are sent from the host apparatus
2 in addition to a read request. The control unit 11 reads data,
which is requested, from the flash memory 15 on the basis
of the read address and the size of data, and the read data is
buffered by the buffer RAM 14. In addition, the control unit
11 performs error correction processing and the like on the
read data, which has been buffered. Then, the read data is
transferred from the buffer RAM 14 to the device interface
13 and sent to the host apparatus 2.

In the flash memory 15, physical addresses are used as
addresses in a physical storage area. Physical blocks, physi-
cal pages, and physical sectors are set by using the physical
addresses. A plurality of physical sectors constitute a physi-
cal page, and a plurality of physical pages constitute a
physical block.

FIG. 2 is a schematic diagram illustrating a relationship
between a physical block and physical pages.

In this embodiment, a physical block contains 128 physi-
cal pages.

Here, each physical page is divided into a plurality of
physical sectors, which are not illustrated in FIG. 2.

An erasing operation (Erase) is performed per physical
block. A writing operation (Program) and a reading opera-
tion (Read) may be performed per physical page. That is,
physical blocks are physical areas, which are the smallest
units in which an erasing operation is performed (the small-
est erase units), and physical pages are physical regions,
which are the smallest units in which a writing operation is
performed (the smallest write units).

The host apparatus 2 uses logical addresses to specify
addresses. Logical blocks, logical pages, and logical sectors
specified by the logical addresses are related to the physical
addresses described above. That is, the control unit 11
generates logical and physical address management infor-
mation by relating the logical addresses to the physical
addresses. In the case where the control unit 11 receives an
access request from the host apparatus 2, the control unit 11
converts a logical address specified by the host apparatus 2
into a corresponding physical address by referring to the
logical and physical address management information. The
control unit 11 executes an actual operation of accessing the
flash memory 15 by using the resulting physical address.

In the following, the data requested, by the host apparatus
2, to be written or read (the data managed by the host
apparatus 2 by using the logical addresses) is hereinafter
referred to as “host data”.

Existing general write methods includes a write method in
which the existence of physical pages having the same
logical address is not allowed in the same physical block as
illustrated in FIG. 3.

It is assumed in FIG. 3 that nothing has yet been stored in
a physical block subjected to processing, which is write
processing, (referred to as a physical block M).

Moreover, it is assumed that in FIG. 3, from among host
data to be written into the physical block M, which is
subjected to processing, data specified by logical addresses
0, 1, 2, 3, and 4 and the first half of a logical address 5
(hereinafter referred to as a logical address 5-1) is requested
to be written in the first write request and data specified by
the second half of the logical address 5 (hereinafter referred
to as a logical address 5-2) and logical addresses 6 to 127 is
requested to be written in the second write request. That is,
it is assumed that data having an end that does not match a
boundary between physical pages is requested to be written
in the first write request and the subsequent data (the data
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specified by the subsequent logical address) is requested to
be written in the second write request.

In this case in response to the first write request for
writing the host data, the host data requested to be written
(the logical addresses 0 to 5-1) as denoted by <1>in FIG. 3
is written into the physical block M sequentially from the
first physical page (a physical page with physical page
number 0) as denoted by <2>in FIG. 3.

That is, in physical blocks, physical pages are sequentially
used from the first physical page (the physical page with
physical page number 0).

As a result of such write processing, data having a size
smaller than a physical page (such data being hereinafter
referred to as under-page-size data), is stored in the last used
physical page of the physical block M.

Here, the above-described “last used physical page” is a
physical page into which the latest data write processing as
of this point in time is performed with the condition that the
physical pages of a physical block are sequentially used
from the physical page with physical page number 0, as
described above.

It is assumed that after the processing denoted by <2>in
FIG. 3 is performed, the second write request for writing the
host data is issued as denoted by <3>in FIG. 3.

Data specified by the logical address 5-2 is the top portion
of the data requested to be written in the second write
request. Since the smallest units in which a writing operation
is performed are physical pages, it is not possible to write the
data specified by the logical address 5-2 into a physical page
with physical page number 5, in which the under-page-size
data specified by the logical address 5-1 is stored.

Furthermore, in the case of FIG. 3, the existence of
physical pages having the same logical address is not
allowed in the same physical block. Thus, it is also not
possible to write the data specified by the logical address 5-2
into the physical block M.

Then, in this case, the data specified by the logical
addresses 0 to 4 and stored in the physical block M (that is,
the host data except for the under-page-size data) in response
to the first write request is first written into a physical block
N sequentially from the first physical page as denoted by
<4>in FIG. 3, which is newly prepared, in response to the
second write request denoted by <3>in FIG. 3.

Then, as denoted by <5>in FIG. 3, the data specified by
the logical address 5-1, which is the under-page-size data
obtained as a result of the processing performed in response
to the first write request, is read, temporarily stored, and
combined with the top portion of the data requested to be
written in the second write request. The combined data is
written into the subsequent physical page of the physical
block N.

As a result, the under-page-size data may be properly
processed while the condition that the existence of physical
pages having the same logical address is not allowed in the
same physical block is satisfied.

However, in the existing method illustrated in FIG. 3,
every time when the under-page-size data is processed, it is
necessary to copy the under-page-size data into the physical
block N, which is newly prepared. That is, garbage collec-
tion occurs.

As described above, in the existing method illustrated in
FIG. 3, garbage collection occurs a large number of times.
As a result, the processing speed may decrease and the
lifetime of a device performing garbage collection may
shorten.
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FIG. 4 illustrates a write method as another existing
method in the case where the existence of physical pages
having the same logical address is allowed in the same
physical block.

It is also assumed in FIG. 4 that nothing has yet been
stored in the physical block M subjected to processing,
which is write processing, and that the data specified by the
logical addresses O to 5-1 is requested to be written in the
first write request and the data specified by the logical
addresses 5-2 to 127 is requested to be written in the second
write request.

In this case also, in response to the first write request for
writing the host data denoted by <1>in FIG. 4, the host data
requested to be written (the logical addresses 0 to 5-1) is
written into the physical block M sequentially from the first
physical page thereof as denoted by <2>in FIG. 4. That is,
in this case also, the under-page-size data (the logical
address 5-1) is stored in the last used physical page as of this
point in time in the physical block M.

Next, the second write request denoted by <3>in FIG. 4
is issued. Since the existence of physical pages having the
same logical address is allowed in the same physical block
in the method illustrated in FIG. 4, it is possible to write the
under-page-size data (the logical address 5-2) into the physi-
cal block M. Here, the logical address 5-2 is the top portion
of the data requested to be written in the second write
request.

Then, in this case, as denoted by <4>in FIG. 4, the
under-page-size data (the logical address 5-1), which is the
under-page-size data stored in the physical page with physi-
cal page number 5 and resulted from the processing per-
formed in response to the first write request, is first read in
response to the second write request denoted by <3>in FIG.
4. The read under-page-size data is combined with the data
requested to be written in the second write request. The
combined data is written into the subsequent physical page,
which is subsequent to the last used physical page as of this
point in time, in the physical block M.

Note that, in the second write request in this case, the host
data up to the logical address 127 is requested to be written.
Furthermore, since the units in which an erasing operation is
performed are physical blocks, it is not possible to overwrite
the under-page-size data stored in the physical page with
physical page number 5, the under-page-size data resulted
from the processing performed in response to the first write
request.

Therefore, in the case where the host data denoted by
<4>in FIG. 4 is written into the physical block M, it is not
possible to write the data (the logical address 127) that is to
be written into the last physical page in the physical block
M, from among the data requested to be written in the
second write request.

Thus, as denoted by <5>in FIG. 4, it is necessary to
prepare another new physical block, which is the physical
block N, in addition to the physical block M. The data
specified by the logical addresses O to 4 stored in physical
pages with physical page numbers 0 to 4 in the physical
block M and the data specified by the logical addresses 5 to
126 stored in physical pages with physical page numbers 6
to 127 in the physical block M are read. Then, the read data
specified by the logical addresses 0 to 126 is written into the
physical block N sequentially from the first physical page
thereof, and the data specified by the logical address 127 is
written into the last physical page (physical page number
127) in the physical block N.

As a result, the data specified by the subsequent logical
addresses may be stored in one physical block.
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According to the existing method illustrated in FIG. 4
unlike in the existing method illustrated in FIG. 3, the
existence of physical pages having the same logical address
is allowed in the same physical block. Thus, garbage col-
lection does not occur every time the under-page-size data is
processed; however, before writing of the data having a size
of a physical block and specified by the subsequent logical
addresses is finished, it is necessary to copy, at least once,
the data stored in a physical block into another physical
block. That is, garbage collection occurs.

Thus, even in the existing method illustrated in FIG. 4,
garbage collection occurs a relatively large number of times
in the processing. As a result, with respect to the existing
method illustrated in FIG. 4, there are issues in that the
processing speed may decrease and the lifetime of a device
performing garbage collection may shorten.

The first embodiment is made in light of the circum-
stances described above. In the case where data having an
end that does not match a boundary between physical
regions, which are the smallest units in which a writing
operation is performed, it is desirable to reduce the number
of times garbage collection occurs and to prevent a decrease
in the processing speed and in the lifetime of a device.

FIG. 5 is a diagram for describing a write method as the
first embodiment.

In the first embodiment unlike in the existing methods, in
the case where data having an end that does not match a
boundary between physical pages is requested to be written
and includes under-page-size data, the under-page-size data
is not written into the physical block subjected to processing.
The under-page-size data is temporarily stored in a prede-
termined temporary storage area. After that, in the case
where data specified by the same logical address (the same
page address) as the above-described under-page-size data is
requested to be written, the data specified by the same
logical address is combined with the under-page-size data
stored in the predetermined temporary storage area, and the
combined data is written into the physical block subjected to
processing.

In the following, the write method according to the first
embodiment will be described using examples.

In FIG. 5, it is assumed that the host data specified by the
logical addresses 0 to 5-1 as denoted by <1>in FIG. 5 is
requested to be written in the first write request.

Here, in this case also, it is assumed that nothing has yet
been stored in the physical block M subjected to processing.

In the first embodiment, as denoted by <2>in FIG. 5, the
data except for the data specified by the logical address 5-1,
which is the under-page-size data, from among the data
specified by the logical addresses 0 to 5-1 is written into the
physical block M sequentially from the physical page with
physical page number 0 in response to the first write request
denoted by <1>in FIG. 5.

Then, the data specified by the logical address 5-1, which
is under-page-size data, is written into the physical block N
prepared in the flash memory 15.

Here, the physical block N is a physical block prepared by
the control unit 11 in order to temporarily store such
under-page-size data. In the following, such a physical block
is also referred to as a “temporary block”.

Then, it is assumed that after the first write request
denoted by <1>in FIG. 5 is issued, as denoted by <3>in FIG.
5, host data specified by logical addresses subsequent to
those of the host data requested in the first write request is
requested to be written. As illustrated in FIG. 5, the host data
denoted by <3>is the data specified by the logical addresses
5-2 to 127.
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In response to the write request denoted by <3>in FIG. 5,
as denoted by <4>in FIG. 5, the under-page-size data (the
logical address 5-1) stored in the physical block N serving
as a temporary block is first read and then the read under-
page-size data is combined with the under-page-size data
(the logical address 5-2) located in the host data denoted by
<3>in FIG. 5. The combined data is written into the physical
page with physical page number 5, which is the physical
page subsequent to the last used physical page as of this
point in time. Then, the rest of the host data (the logical
addresses 6 to 127) denoted by <3>in FIG. 5 is written into
the subsequent physical pages with physical page numbers
6 to 127 in the physical block M in a sequential manner.

Here, the following is stated again for making a confir-
mation. The reason why data is written from the physical
page subsequent to the last used physical page as described
above is that the physical pages in a physical block are
supposed to be used sequentially from the physical page
with physical page number 0.

As described above, in the first embodiment, in the case
where the data having an end that does not match the
boundary between the physical pages is requested to be
written and includes under-page-size data, the under-page-
size data is written into the temporary block prepared in the
flash memory 15. After that, in the case where the data
specified by the same logical address as the under-page-size
data is requested to be written, the data specified by the same
logical address is combined with the under-page-size data
temporarily stored in the predetermined temporary storage
area, and the combined data is written into the physical
block subjected to processing.

In the first embodiment unlike in the existing methods, the
under-page-size data is not written into the physical block
subjected to processing. Thus, the number of times garbage
collection occurs may be decreased compared to the existing
methods. Thus, a decrease in the processing speed and in the
lifetime of a device performing garbage collection may be
reduced.

Here, in the case where the data having an end that does
not match the boundary between the physical pages is
requested to be written and includes under-page-size data
and, after that, the data that is the pair to the under-page-size
data (that is, the data specified by the same logical address
as the under-page-size data) is requested to be written, the
temporary block is searched for the under-page-size data
discussed here in the write method according to the first
embodiment. In order to accelerate the speed of this search
in this case, under-page-size data management information
for managing a storage state of under-page-size data in the
temporary block is generated in the first embodiment.

FIG. 6 illustrates an example of the structure of the
under-page-size data management information.

As illustrated in FIG. 6, the under-page-size data man-
agement information is information in which the logical
addresses and the physical page numbers are related to each
other. More specifically, the under-page-size data manage-
ment information is information in which the logical address
of the under-page-size data stored in the temporary block is
related to information on the physical page number in the
temporary block where the under-page-size data is stored.

The control unit 11 generates such under-page-size data
management information, and stores the under-page-size
data management information in a predetermined memory,
for example, in the NV memory 16 or the flash memory 15.

In the case where the control unit 11 identifies the location
of the under-page-size data specified by a subject logical
address in the temporary block (whether the under-page-size
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data exists or not and where the under-page-size data is
stored), the control unit 11 refers to the under-page-size data
management information. If such under-page-size data man-
agement information is not used, it is necessary to sequen-
tially read pieces of under-page-size data stored in the
temporary block and obtain information on the logical
address of each of the pieces of under-page-size data.
However, according to the first embodiment in which the
location of the under-page-size data, which is subject data,
is identified in accordance with the under-page-size data
management information, it is not necessary to sequentially
read the pieces of under-page-size data stored in the tem-
porary block. As a result, a processing time necessary for
searching for the under-page-size data, which is subject data,
may be shortened.

FIG. 7 is a flowchart illustrating processing for generating
the under-page-size data management information described
above.

Here, the control unit 11 executes the processing illus-
trated in FIG. 7 and subsequent processing illustrated in
FIG. 8 in accordance with programs stored in a predeter-
mined memory, for example, in the flash memory 15 or the
NV memory 16.

In FIG. 7, the control unit 11 first performs a reading
operation in the temporary block in step S101 and obtains
the logical address of under-page-size data, which is under-
page-size data stored in the temporary block, in step S102.
Thereafter, in step S103, the control unit 11 generates the
under-page-size data management information on the basis
of information on the obtained logical address. That is, the
under-page-size data management information is generated
by relating the information on the logical address of the
under-page-size data obtained in step S102 to information
on the physical page number, in the temporary block, at
which the under-page-size data is stored.

The control unit 11 stores the under-page-size data man-
agement information generated as described above in a
predetermined memory in step S104. As described above,
examples of the memory in which the under-page-size data
management information is stored are desirably the NV
memory 16, the flash memory 15, and the like.

Here, in order to accelerate the speed of search, it is
desirable to execute the processing for generating the under-
page-size data management information illustrated in FIG. 7
every time under-page-size data is written into the tempo-
rary block.

Alternatively, a method may also be used in which the
processing for generating the under-page-size data manage-
ment information is executed at least when the control unit
11 is started.

Alternatively, a method may also be used in which the
processing for generating the under-page-size data manage-
ment information is executed every n times under-page-size
data is written into the temporary block (n is a natural
number greater than or equal to two).

In the case where the processing for generating the
under-page-size data management information is executed
every time under-page-size data is written into the tempo-
rary block, it is not necessary to perform the processing
illustrated in FIG. 7 on every occasion, as the processing for
generating the under-page-size data management informa-
tion. In the case where the processing illustrated in FIG. 7 is
executed every time under-page-size data is written into the
temporary block, it is necessary to reconstruct the relation-
ships between the logical addresses and the physical
addresses of all under-page-size data stored in the temporary
block every time such write processing is performed. The
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processing illustrated in FIG. 7 may be considered inefficient
in this point. Thus, in the case where the processing illus-
trated in FIG. 7 is executed every time under-page-size data
is written into the temporary block, a method may be used
in which the relationship between the logical address and the
physical address of under-page-size data newly written into
the temporary block is added to the existing under-page-size
data management information.

Here, in the case where processing for constructing the
relationships between the logical addresses and the physical
addresses of all under-page-size data stored in the temporary
block as illustrated in FIG. 7 is used, the reliability of the
under-page-size data management information against, for
example, data corruption may be improved.

FIG. 8 illustrates processing to be executed when host
data is written.

In FIG. 8, in step S201, the control unit 11 obtains host
data, which is to be written, the logical addresses thereof,
and the like in response to a write request for writing the host
data, the write request being sent from the host apparatus 2.

Specifically, the control unit 11 temporarily stores the host
data sent from the host apparatus 2 in the buffer RAM 14 via
the device interface 13. Moreover, the control unit 11 obtains
the logical addresses of the host data to be written and the
amount of data thereof from a write request received via the
device interface 13.

Thereafter, in step S202, the control unit 11 determines
whether there is under-page-size data or not. That is, it is
determined whether the host data includes under-page-size
data on the basis of information on the amount of data of the
host data obtained in step S201 (that is, whether the end of
the host data requested to be written this time does not match
a boundary between physical pages).

Ifit is determined in step S202 that the end of the host data
requested to be written this time matches the boundary
between the physical pages and a negative result indicating
that the host data has no under-page-size data is obtained, the
procedure proceeds to step S203. In step S203, the control
unit 11 writes the host data. That is, in this case, the control
unit 11 writes the host data into the physical block subjected
to processing, sequentially from the physical page subse-
quent to the last used physical page.

On the other hand, if it is determined in step S202 that the
end of the host data requested to be written this time does not
match the boundary between the physical pages and a
positive result indicating that the host data includes under-
page-size data is obtained, the procedure proceeds to step
S204. In step S204, the control unit 11 refers to the under-
page-size data management information. In step S205, the
control unit 11 determines whether under-page-size data
specified by a matching logical address is stored in the
temporary block. That is, the control unit 11 determines
whether the under-page-size data specified by the same
logical address (a logical page address) as the under-page-
size data detected in step 5202 is stored in the temporary
block.

In step S205, if a negative result indicating that no
under-page-size data specified by the matching address is
stored in the temporary block is obtained, the procedure
proceeds to step S206. In step S206, the control unit 11
writes the under-page-size data detected in step S202 into
the temporary block. Then, in step S208, the control unit 11
writes the rest of the host data. As understood by the
description above, the rest of the host data is written into
physical pages in the physical block subjected to processing,
from the physical page subsequent to the last used physical

page.
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On the other hand, in step S205, if a positive result
indicating that the under-page-size data specified by the
matching address is stored in the temporary block is
obtained, the procedure proceeds to step S207. In step S207,
the control unit 11 combines the under-page-size data stored
in the temporary block with the under-page-size data for this
time (the under-page-size data detected in step S202) and
writes the combined data into one physical page. Then, in
step S208, the control unit 11 writes the rest of the host data.

Unlike in the existing methods, the number of times
garbage collection occurs may be reduced by performing the
processing illustrated in FIG. 8. As a result, a decrease in the
processing speed and in the lifetime of a device performing
garbage collection may be reduced.

Second Embodiment

Next, a second embodiment will be described.

In the second embodiment, the under-page-size data is not
written into the temporary block in the flash memory 15 but
in a predetermined memory outside the flash memory 15.

Specifically, the under-page-size data is written into the
NV memory 16 in this example.

FIG. 9 illustrates a write method according to the second
embodiment.

FIG. 9 illustrates, as an example, a case in which host data
is requested to be written similarly to the above-described
case illustrated in FIG. 5. As is clear from the comparison
between FIGS. 9 and 5, the second embodiment differs from
the first embodiment in that the under-page-size data is
stored in the NV memory 16, the under-page-size data being
included in the data that is requested to be written in a write
request and that has an end that does not match the boundary
between the physical pages.

Here, the following is stated again for making a confir-
mation. Information for managing under-page-size data
stored in the NV memory 16 is generated as the under-page-
size data management information in this case. Specifically,
the control unit 11 in this case generates, as the under-page-
size data management information, information by relating
the logical address of each under-page-size data stored in the
NV memory 16 to the physical address in the NV memory
16 where the under-page-size data is stored.

Moreover, when write processing is performed in this
case, the procedure similar to that illustrated in FIG. 8 is
performed in which the phrase “temporary block™ in steps
S205, S206, and S207 is replaced with “NV memory 16”.

According to the second embodiment, it may be pre-
vented that a large part of the storage capacity of the flash
memory 15, that is, the storage capacity for user data, is used
to temporarily store under-page-size data.

MODIFIED EXAMPLE

The embodiments according to the present disclosure
have been described above; however, the present disclosure
should not be limited to the examples described above.

For example, the memory card 1 is used in the examples;
however, the present disclosure may also be applicable to a
case where the flash memory 15 and the control unit 11 are
separately mounted.

Here, the present disclosure may be applicable to various
memory cards, SSDs, eMMCs, and the like.

Moreover, the case where the present disclosure is applied
to the storage device having a NAND type flash memory has
been described in the above as an example; however, the
present disclosure may be preferably applied to a case where
data is written into a NV memory in which physical blocks,
which are the units in which an erasing operation is per-
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formed, are larger than physical pages, which are the small-

est units in which a writing operation is performed, in size.

The type of NV memory to be used should not be limited to

a NAND type flash memory.

Moreover, the present disclosure may have the following
structures.

(1) A control apparatus including a control unit configured to
perform control in such a manner that in a case where data
is to be written into a physical area, which is the unit in
which an erasing operation is performed, subjected to
processing in a first non-volatile memory in response to a
write request and in a case where the end of the data,
which is requested to be written, does not match a
boundary between physical regions, which are the small-
est units in which a writing operation is performed, in the
first non-volatile memory, data having a size smaller than
the smallest units is stored in a predetermined temporary
storage area, and thereafter in a case where data specified
by the same logical address as the data having a size
smaller than the smallest units is requested to be written,
data obtained by combining the data specified by the same
logical address with the data having a size smaller than the
smallest units and stored in the predetermined temporary
storage area is written into the physical area subjected to
processing.

(2) In the control apparatus according to (1), the control unit
generates data management information for managing a
storage state of the data having a size smaller than the
smallest units and stored in the predetermined temporary
storage area, on the basis of information on a logical
address of the data having a size smaller than the smallest
units.

(3) In the control apparatus according to (1) or (2), a physical
area in the first non-volatile memory is set as the prede-
termined temporary storage area, and the control unit
stores the data having a size smaller than the smallest
units in the physical area.

(4) In the control apparatus according to (1) or (2), a second
non-volatile memory outside the first non-volatile
memory is set as the predetermined temporary storage
area, and the control unit stores the data having a size
smaller than the smallest units in the second non-volatile
memory.

(5) In the control apparatus according to any of (1) to (4), the
control unit performs writing control on the first non-
volatile memory, which is a NAND type flash memory.
It should be understood that various changes and modi-

fications to the presently preferred embodiments described
herein will be apparent to those skilled in the art. Such
changes and modifications can be made without departing
from the spirit and scope of the present subject matter and
without diminishing its intended advantages. It is therefore
intended that such changes and modifications be covered by
the appended claims.

The invention is claimed as follows:
1. A control apparatus comprising:
a control unit configured to:
perform control in such a manner that
in a case where first data is to be written into a first
non-volatile memory in response to a write request,
and
in a case where the end of the first data does not match
a boundary between physical regions, wherein the
physical regions are smallest units in which a writing
operation is performed in the first non-volatile
memory,
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a portion of the first data having a size smaller than
the smallest units is stored in a predetermined
temporary storage area, and thereafter in a case
where a portion of second data having a size
smaller than the smallest units and specified by the
same logical address as the portion of the first data
is requested to be written along with remaining
portion of the second data, a third data obtained by
combining the portion of the second data with the
portion of the first data is written into a first
physical region corresponding to the specified
logical address, and

generate data management information that stores rela-
tionship between information on the logical address

of the portion of the first data and information on a

physical page number of the predetermined tempo-

rary storage area at which the portion of the first data
is stored.
2. The control apparatus according to claim 1, wherein the

control unit is configured to generate the data management
information for managing a storage state of the portion of the
first data based on the information on the logical address of
the portion of the first data.

3. The control apparatus according to claim 1,

wherein a second physical region in the first non-volatile
memory is set as the predetermined temporary storage
area, and

wherein the control unit is configured to store the portion
of the first data in the second physical region.

4. The control apparatus according to claim 1,

wherein a second non-volatile memory outside the first
non-volatile memory is set as the predetermined tem-
porary storage area, and

wherein the control unit is configured to store the portion
of the first data in the second non-volatile memory.

5. The control apparatus according to claim 1, wherein the

control unit is configured to perform writing control on the
first non-volatile memory, which is a NAND type flash
memory.

6. The control apparatus according to claim 1, wherein the

control unit is configured to add the relationship, in the data
management information, each time the portion of the first
data is written into the predetermined temporary storage
area.

7. The control apparatus according to claim 1, wherein the

control unit is configured to identify the logical address of
the portion of the first data in accordance with the data
management information.

8. A storage device comprising:
a first non-volatile memory; and
a control unit configured to:
perform control in such a manner that
in a case where first data is to be written into the first
non-volatile memory in response to a write request,
and
in a case where the end of the first data does not match

a boundary between physical regions, wherein the

physical regions are smallest units in which a writing

operation is performed in the first non-volatile
memory,

a portion of the first data having a size smaller than
the smallest units is stored in a predetermined
temporary storage area, and thereafter in a case
where a portion of second data having a size
smaller than the smallest units and specified by the
same logical address as the portion of the first data
is requested to be written along with remaining
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portion of the second data, a third data obtained by a portion of the first data having a size smaller than the
combining the portion of the second data with the smallest units is stored in a predetermined temporary
portion of the first data is written into a first storage area, and thereafter in a case where a portion
physical region corresponding to the specified of second data having a size smaller than the smallest
logical address, and 5 units and specified by the same logical address as the

generate data management information that stores rela-
tionship between information on the logical address
of the portion of the first data and information on a
physical page number of the predetermined tempo-
rary storage area at which the portion of the first data 19
is stored.
9. A storage control method comprising:
performing control in such a manner that
in a case where first data is to be written into a first
non-volatile memory in response to a write request, and 15
in a case where the end of the first data does not match a
boundary between physical regions, wherein the physi-
cal regions are smallest units in which a writing opera-
tion is performed in the first non-volatile memory, L

portion of the first data is requested to be written
along with remaining portion of the second data, a
third data obtained by combining the portion of the
second data with the portion of the first data is
written into a first physical region corresponding to
the specified logical address, and
generating data management information that stores rela-
tionship between information on the logical address of
the portion of the first data and information on a
physical page number of the predetermined temporary
storage area at which the portion of the first data is
stored.



